Results-Heparin, at concentrations of 0'5-500 U/ml, caused a gradual inhibition of superoxide production stimulated by PMA, opsonised zymosan, or FMLP. Tissue plasminogen activator was more potent than heparin in inhibiting superoxide production induced by opsonised zymosan or FMLP, but it did not affect the activity stimulated by PMA. Streptokinase or urokinase had no effect on superoxide production. When heparin was used in combination with tissue plasminogen activator, streptokinase, or urokinase at their therapeutic concentrations there was a significant inhibition of superoxide generation (70%/,5 30%, and 25%, respectively). The therapeutic concentrations of tissue plasminogen activator alone caused a reduction of 40% of neutrophil superoxide production. When tissue plasminogen activator and streptokinase were both added to neutrophils, however, a synergistic inhibition of 80% was achieved. Conclusions-The inhibition of super oxide generation by these drug combinations may explain the limited inflammatory response and reduction of reperfusion injury observed in patients receiving thrombolytic treatment.
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The fundamental assumption underlying the current thrombolytic treatment of acute myocardial infarction is that the early restoration of myocardial blood flow arrests the progression of myocardial cell death, permitting the ultimate functional recovery of reversibly injured myocardium. Experimental and clinical studies have indicated that reperfusion of myocardium immediately after the onset of ischaemia can reduce infarct size and improve mortality after acute coronary artery occlusion.'-3 Although reperfusion ends ischaemia, it can also cause further damage to jeopardised cells, a phenomenon which has been termed reperfusion injury.
The precise pathophysiology of cellular damage after extreme ischaemia and reperfusion has not been completely established. Several contributing factors have been suggested, including production of toxic oxygen free radicals, endothelial cell swelling, and damage leading to increased capillary permeability, intravascular platelet activation, and fibrin deposition. Endothelial swelling combined with platelet and fibrin accumulation may ultimately result in microvascular thrombosis, thus preventing reperfusion. These sequelae have been termed the no reflow phenomenon. 4 Recent work has focused on the role of neutrophils in the development of ischaemia and reperfusion injury. Activated neutrophils are a potent source of oxygen derived free radicals, and experimental data suggest that they may be important in the pathogenesis of reperfusion injury.5 6 Neutrophils were stimulated by the addition of 50 mg/l phorbol myristate acetate (PMA), 1 g/l opsonised zymosan, or 100 nmol/l formyl methionyl leucyl phenylalanine (FMLP) and the reduction of acetyl ferricytochrome c was followed by the change of absorbance at 550 nm every five minutes on a Thermomax microplate reader (Molecular Devices, Melno Park, California). The maximal rates of superoxide generation were determined using the extinction coefficient E550 = 21 mM-' cm-1. Addition of each of the drugs to a cell free assay system, performed as described in our previous study,20 did not affect superoxide generation measured by cytochrome c reduction.
ANALYSIS OF DATA
The differences in means were analysed by T* * Student's t test. The plots were drawn as least squares regression lines and tested by analysis of variance.
500

Results
The effect of both the anticoagulant (heparin) phils.
and the thrombolytic drugs (streptokinase, 2te.
urokinase, and tissue plasminogen activator) on superoxide production in human neutrophils stimulated by PMA, opsonised zymosan, or FMLP is shown in this study. The drugs were added to the neutrophils san before the addition of the stimuli. Preincubation with the drugs for different times, ranging from five minutes to one hour before the reaction, did not change the results. Heparin, in a range of 0 5-500 U/ml, caused a gradual inhibition of superoxide production stimulated by any of the three stimuli (figure 1). The inhibition could be detected at 25 U/ml and higher. At 100 U/ml there was a significant inhibition of superoxide production (P < 0 001). There was no inhibition of activity at the concentration of heparin in plasma either after a continuous drip (0 1-1 U/ml) or after a bolus intravenous infusion (5-10 U/ml). 19 Streptokinase in the range of 15-600 U/ml (figure 2) and urokinase in the range of 10-5000 U/ml (figure 3) had no effect on superoxide production induced by any of the stimuli. The effect of tissue plasminogen activator in the range of 0-1-100 mg/l on superoxide production is shown in figure 4 . There was a gradual and significant inhibition of used simultaneously, the effect of various combinations of these drugs on the production of superoxide by neutrophils was studied. Figure 5 shows the effect of the combinations of heparin and streptokinase or heparin and urokinase on superoxide production. When heparin 10 U/ml, a therapeutic dose that alone did not affect the generation of superoxide, was given with streptokinase ( figure  5A ) or with urokinase (figure 5B), both of which did not inhibit superoxide production, there was a marked and significant inhibition of activity. The maximal inhibition was achieved at therapeutic concentrations of streptokinase (75 U/ml) or urokinase (10 U/ml).21 A higher concentration of heparin (100 U/ml) was more efficient in inhibiting the activity when given together with streptokinase or urokinase. Figure 6 shows the effect of heparin in combination with tissue plasminogen activator on superoxide production stimulated by opsonised zymosan. Heparin in its therapeutic concentration (10 U/ml) caused a slight and insignificant inhibition of superoxide production stimulated by opsonised zymosan (2-8 (0 6) nmol/106 cells/min compared with 3-45 nmol/1 06 cells/min in the control). In the presence of tissue plasminogen activator (in two therapeutic concentrations, 0-1 and 2 mg/i) the activity stimulated by opsonised zymosan was 3-25 (0-5) and 2 (0 2) nmol/106 cells/min, respectively. When the activity was measured in the presence of both heparin and tissue plasminogen activator there was an additional inhibition of activity (2-2 (0.2) or 1-3 (0-1) nmol/106 cells/min by 10 U/ml heparin and 0-1 ,ug/ml tissue plasminogen activator or 10 U/ml heparin and 2 mg/l tissue plasminogen activator, respectively). Similar results were obtained in neutrophils stimulated by FMLP. Figure 7 shows the effect caused by the combinations of tissue plasminogen activator and streptokinase on superoxide production. Streptokinase did not affect activity stimulated by opsonised zymosan or FMLP. However, when tissue plasminogen activator at concentrations of 0-1 mg/l or 2 mg/I, which by themselves caused partial inhibition, were added together with streptokinase a significant inhibition (P < 0 005) was achieved. This inhibition was observed at a low and therapeutic concentration of streptokinase (75 U/ml) and did not change significantly as the dose of streptokinase was increased.
Discussion
Our results show the direct effect of three thrombolytic agents and of heparin on the generation of superoxide by human neutrophils. Heparin caused a gradual, dose dependent inhibition of superoxide production by neutrophils stimulated with any of the three agents used in the study. The inhibition of superoxide production could be observed at 25 U/ml heparin and higher, with significant inhibition (P < 0-001) at a concentration of 100 U/ml. Heparin is a naturally occurring -I C 10 50100 C 10 50100 C 10 50100
Heparin (U/ml) Heparin (U/ml) Heparin (U/ml) 0.1 mg/l 2 mg/I Tissue plasminogen activator Figure 6 Combined effect of heparin and tissue plasminogen activator on superoxide production stimulated by opsonised zymosan in human neutrophils. Results are means (SE) from five different experiments, each performed in triplicate. C, control (U neutrophils stimulated by opsonised zymosan, E neutrophils stimulated by opsonised zymosan in presence of tissue plasminogen activator alone). *P < 0 001, **P < 0-01 for difference from control value. mucopolysaccharide polymer that is concentrated in most cells, but it is also found in other tissues, including the endothelium. Clinically, heparin is used as an extremely potent anticoagulant that can reduce thrombin generation and fibrin formation by binding to and activating antithrombin III. Our results show that in addition to its anticoagulant effect, heparin also inhibits superoxide production by neutrophils.
The thrombolytic agent tissue plasminogen activator, which inhibits the generation of superoxide at its therapeutic concentration, was more potent than heparin in inhibiting superoxide production stimulated by opsonised zymosan or FMLP at the doses tested, but it did not affect the activity stimulated by PMA. Streptokinase, a protein produced by # haemolytic streptococci, has no intrinsic enzymatic activity and forms a stable, non-covalent 1:1 complex with plasminogen. This produces a conformational change by which this complex activates additional plasminogen molecules to form free plasmin, thus causing fibrinolysis. Urokinase is a protease isolated from human renal tubular cell culture that has intrinsic proteolytic activity and can activate plasminogen directly. In contrast to heparin and tissue plasminogen activator, neither of these agents had any affect on superoxide production.
In accordance with our study, Freischlag et al have reported that urokinase did not affect superoxide production by neutrophils.3 In contrast to our study, which shows a dose dependent inhibition of heparin activity, they did not find any inhibition of activity by this drug.22 The contradictory results may be explained by the different conditions of the two studies. Freischlag et al preincubated the neutrophils with very high concentrations of urokinase, whereas we used urokinase at much lower concentrations. Also, they measured activity after washing off the drugs.
Although each drug by itself partially inhibited or did not affect superoxide production at all in our study, combinations of these drugs at their therapeutic concentrations resulted in a significant reduction in activity. These [lity after Since heparin inhibited the activity induced ! suggests by the three stimuli, it probably affects intrace acute cellular signal transaction pathways that are ry effect of shared by the different agonists, such as proby combi-tein kinase C activity. In contrast, tissue plasicoagulant minogen activator inhibited the generation of inhibition superoxide induced by FMLP or opsonised taxis, and zymosan and not by PMA, suggesting that agents, in tissue plasminogen activator interacts with of action, neutrophil membranes and interferes with the iting neu-receptors for this agonist. The inhibition of ,tudies are superoxide production by these drugs does herapeutic not seem to be due to a scavenging effect as tissue plasminogen activator did not inhibit PMA stimulating activity ( figure 4 ) and the addition of either heparin or tissue plasminogen activator did not affect NADPH oxidase activity in a cell free assay.
Itn conclusion, the significant inhibition of neutrophil superoxide by the anticoagulant and thrombolytic agents shown in this study Control may suggest that in addition to their effect in reducing reperfusion in myocardial infarction, they may also prevent reperfusion injury. group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from
